1. Little information is currently available on protein turnover during chronic protein loss situations. We have thus measured the whole-body and tissue protein fractional synthesis rates (k,), the whole-body fractional protein degradation rate ( k,), the capacity for protein synthesis ( C,) and the efficiency of protein synthesis (kRNA) in vivo in fed and fasted (1, 5 and about 9 days) 400 g rats.
1. Little information is currently available on protein turnover during chronic protein loss situations. We have thus measured the whole-body and tissue protein fractional synthesis rates (k,), the whole-body fractional protein degradation rate ( k,), the capacity for protein synthesis ( C,) and the efficiency of protein synthesis (kRNA) in vivo in fed and fasted (1, 5 and about 9 days) 400 g rats. 2 . One day of starvation resulted in a reduced k, and an increased kd in the whole body. k, was selectively depressed in skeletal muscles, mainly owing to a reduced kRNA, and was not modified in heart, liver and skin. The contribution of skin to whole-body protein synthesis increased by 39%.
3. During the phase of protein sparing (5 days of fasting), k, in the whole body decreased below the control fed level. k, in skeletal muscles was sustained because kRNA was restored to 82-98% of the control value.
4. Rats were in a protein-wasting phase after 9 days of starvation. k, in the whole body did not increase and was actually 78% of the value observed in fed animals. By contrast, k, in the whole body and tissues decreased to 14-34% of the control values, owing to reductions in both c, and kRNA. Whatever the duration of the fast, the contribution of the skin to whole-body protein synthesis largely exceeded that of skeletal muscle.
5. The present findings suggest that the main goal in the treatment of chronic protein loss should be to sustain protein synthesis. Our data also emphasize the importance of skin in whole-body protein synthesis in fasting and possibly in other protein loss situations.
INTRODUCTION
The interest in using fasting as a model to study long-term protein loss in vivo is that starvation is successively marked by a low and a high level of negative nitrogen balance [l, 21 . In addition to during fasting, wasting of lean body tissues in humans occurs in many pathophysiological situations (e.g. cancer, diabetes, malnutrition, sepsis and trauma) [3, 4] . Most of the clinical and experimental studies on protein metabolism have been performed during acute wasting, and only in the whole body and skeletal muscles [4] . Trauma and sepsis are essentially marked by an increase in muscle protein degradation [3] , and malnutrition, cancer and dystrophies are characterized by a decrease in muscle protein synthesis [4] . A negative nitrogen balance in non-muscular tissues may also contribute to the whole-body protein wasting, but little is known of their contribution and of the mechanism of protein loss in these tissues. Information is moreover needed on protein metabolism during long-term situations marked by a chronic negative nitrogen balance [4] .
Brief starvation promotes a decrease in the rate of protein synthesis in skeletal muscles, liver and intestine, and an increase in muscle and hepatic proteolysis [5-lo] . These experiments have, however, been performed in 100-200 g rats that do not possess sufficient fat stores to conserve body protein during fasting [2] . By contrast, large mammals (including humans) and birds adapt to food deprivation by sparing their body proteins. In animals, this state of low protein utilization ends with a progressive increase in nitrogen excretion [I, 21. One group has obtained information on protein turnover in large rats during prolonged starvation but this information is limited to data in vitro [ l l , 121. Using the perfused hindquarter, a preparation that is always in a negative nitrogen balance, these experiments have shown that there is an increase in muscle proteolysis during the late phase of protein wasting [ l l , 121.
While there is presently no direct and accurate method for assessing the degradation rate of tissue proteins in vivo [13] , the large-dose method appears to be particularly appropriate for the determination of rates of protein synthesis in vivo [7, 13, 141 . With this technique 1151, we have therefore measured protein synthesis in whole body and in various tissues during brief and prolonged starvation in 400 g rats. Such animals possess sufficient fat stores to efficiently conserve body protein [2, 161. Since protein synthesis is dependent on both the capacity and the efficiency of the translation process [17] , we have also determined changes in these parameters throughout the course of the experiment.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats were obtained from Merieux-Iffa Credo (Lyon, France) and were kept individually in wire-bottomed cages. Before starvation, they were fed chow pellets [50% (w/w) carbohydrate, 5% (w/w) fat, and 24% (w/w) protein; energy content: 13.4 kJ/g]. All rats received water ad libitirtn throughout the experiment. The animal house was maintained at 25°C with a light-dark cycle of 12 h.
The rats were 11-12-weeks-old and weighed about 400 g when they were starved. On the first day of fasting, food was removed at 08.00 hours. Four groups of six rats were used, after respectively 0, 1, 5 and about 9 days of starvation (see the Results section). The 9-day-fasted animals were kept in metabolism cages, and urine was collected daily in flasks containing 0.5 mol/l H,SO,. The urine was stored at -20°C until analysis for total nitrogen by Kjeldahl's method.
Measurement of protein synthesis rates in vivo
Protein synthesis was measured in vivo between 10.00 and 12.00 hours with a large dose of ~-[~H]valine by the method described previously [15] . The rats were anaesthetized with diethyl ether, since this procedure does not alter rates of protein synthesis [18] . Body temperature was maintained by using a heating lamp. After a skin incision, each rat received a bolus injection of 150 pmol of L-valine/lOO g body weight via the saphenous vein. Unlabelled valine was combined with L- [3,4( ~z ) -~H ] valine (specific radioactivity 50 Ci/mmol; The Radiochemical Centre, Amersham, Bucks, U.K.) to give 0.74 pCi/pmol of valine in fed and 1-day-starved rats. The injected specific radioactivity in 5-and 9-day-fasted animals was 1.14 pCi/pmol to compensate for the drastic drop in protein synthesis observed in pilot studies. In each group one animal was killed by decapitation at 5,7,9, 11, 13 and 15 min after injection [19] . Liver, heart, diaphragm, hindlimb muscles and a piece of skin were quickly dissected and were immediately frozen in liquid nitrogen. The remainder of the body, i.e. the carcass (muscle and non-muscular tissues, except liver, heart, diaphragm, hindlimb muscles and skin), was minced in liquid nitrogen and a portion was stored for further analysis. All the samples were stored at -20°C until analysis.
The specific radioactivity of free (S,) and proteinbound (S,) valine was determined in liver, diaphragm, heart, hindlimb muscles, skin and carcass. The protein fractional synthesis rate (k,) was calculated from the formula k,=(S, X l o o ) / ( S A x t ) , where t is the time elapsed between the end of the bolus injection and the killing of the animal (in days). If the regression of S , against t gave a significant ( P < 0.05) positive intercept (as skin), each S , value measured at time t was corrected by subtracting S , , extrapolated to zero time (linear regression of S , against t ) [20] . The efficiency of protein synthesis ( kRNA), i.e. rate of protein synthesis relative to RNA (mg of protein synthesized day-' mg-' of RNA) 18.5f 1.3' drn/rndt(g24h-' 1OOg-I) -
was obtained from the formula k,,,=(k, x lO)/C,, where C, is the capacity for protein synthesis, i.e. RNA/protein ratio (pg of RNA/mg of protein). The absolute rate of protein synthesis in the whole body was calculated as the sum of the absolute rates of protein synthesis in the carcass and the different tissues. k, in the whole body is equal to the whole-body absolute synthesis rate divided by the whole-body protein content. The whole-body protein fractional degradation rate ( kd) was calculated by subtracting whole-body protein fractional growth or loss rate ( kg) from the whole-body k, [13] . In the fed group, k, was obtained from the daily body mass gain corrected for digestive contents, the percentage of protein in the body mass, and the final body protein mass. In the starved groups, k, was obtained from the daily body mass loss corrected for digestive contents if any (i.e. after 1 day of fasting), the corresponding percentage of protein in the body mass and the final body protein mass. In all starved groups, protein loss was calculated over the day preceeding the experimental point, because of the non-linearity of nitrogen losses throughout starvation (see Fig. 1 ).
An,alytical methods
The treatment of tissues for the measurement of free and protein-bound valine specific radioactivities was as described in detail by Attaix et al. [15] . Briefly, frozen samples were homogenized with a Waring blender in 8 vol of ice-cold 10% (v/v) trichloroacetic acid. The acidsoluble fraction was separated by centrifugation. Trichloroacetic acid was removed by chromatography on Dowex 2 (X8,20-50 mesh; Dow Chemical, Midland, MI, U.S.A.). The effluent was then concentrated under a vacuum and was resuspended in 0.2 mol/l lithium citrate buffer (pH 2.2). Protein precipitates were delipidated with methanol-chloroform (1:2, v/v), dried and pulverized in a ball mill. After solubilization in Soluene 350 (Packard) at 60°C, the radioactivity of protein precipitates was measured by scintillation counting with toluene-based scintillant cocktail in a Packard 460CD spectrometer. The counting efficiency was determined by the external standard channel ratio. Portions of protein precipitates were hydrolysed in 5.5 mol/l HCI at 110°C for 48 h and then chromatographed. We verified that 9 5 9 8 % of the radioactivity was valine-bound. The nitrogen contents of tissues and carcasses were determined by Kjeldahl's method, and protein was calculated as N x 6.25.
Free amino acids were chromatographed on an amino acid analyser. The column eluate was diverted to a liquid scintillation spectrometer (Flo-One D/R, Radiomatic Instruments and Chemical Co., FL, U.S.A.) and to the ninhydrin reaction by a stream splitter (model ES; Radiomatic Instruments and Chemical Co.). The efficiency of counting was calibrated with chromatographed L-[3,4( t~)-~H]valine standards. RNA was measured as described by Munro & Fleck [21] . This absorbance method for the determination of RNA is very sensitive to interfering substances, namely peptides. We found a systematic increase in interfering metabolites in all tissues throughout fasting. However, these substances did not strongly affect the validity of our RNA measurements and interpretations, except in skin.
Statistical analysis
Values are means k SEM. The significance of differences between means was assessed by using the NewmanKeuls multiple range test. Linear regression analysis was performed as described by Snedecor & Cochran [22] .
RESULTS
Body mass loss and nitrogen excretion
In accordance with previous reports on large rats [2, 161, we found three phases of starvation from changes in the daily nitrogen excretion and in the specific daily loss in body mass (the daily change in mass per unit body mass, dmlmdt) (Fig. 1) . In phase I (2-3 days), nitrogen excretion and dmlmdt decreased by about 60%. They both stabilized in the longer ( 4 days) phase I1 and increased twofold in phase III (2-3 days). When the fast was stopped, the rats had lost 40% of their initial body mass. Accordingly, on the basis of changes in nitrogen excretion and dmltndt, the rats were studied at different stages of the fast (Table 1) : after 24 h and 5 days of starvation (middle of phase I and phase 11, respectively) and finally when protein utilization increased (phase 111). 
Changes in tissue protein content
The protein content of the whole body and carcass decreased by 21-22% of the initial value during the whole starvation period. The largest loss of protein occurred during the last days of the experiment, i.e. in phase 111 ( Table 2 ). The protein content of the skin only changed at that time (a 12% decrease), whereas protein loss from liver was continuous (decreases of 19%, 41% and 66% after 1, 5 and 9 days of fasting, respectively). During starvation, hindlimb muscles, diaphragm and heart lost respectively 30%, 43% and 30% of their initial protein content. In phase 111, as for the whole body, a major decrease in protein content occurred in hindlimb muscles and diaphragm (Table 2) .
Changes in ks
In this study, the free valine specific activities in the plasma were close to those of the injected valine, and the free valine specific activity ratios, tissue homogenate/ plasma, were generally higher than 0.85. The large-dose method was therefore successful, with sufficient flooding to raise and maintain the specific radioactivities in both plasma and tissue valine pools, and presumably the valyltRNA pool, to similar levels. The errors in the determination of k, due to the choice of the precursor pool were thus minimized. Accordingly, the estimates of protein degradation in the whole body obtained by differences between protein synthesis and deposition were probably obtained with good precision.
In whole body and carcass, k, decreased continuously during fasting (Table 2 ). In phase 111, this decrease was equal to 85% of the initial values. In skin and liver, k, did not change during brief starvation; the k, of the skin decreased thereafter in phase I1 (37%) and phase 111 (81'/0), whereas in the liver k, only decreased in phase 111 (by 77%). The k, of hindlimb muscles and the diaphragm was respectively decreased by 58% and 46% after 24 h of fasting. In these tissues, k, remained constant during phases I and I1 but it dropped (by 86% and 66% of the initial values) in phase 111. On the other hand, the k, in the heart continuously decreased (by 70%) during the whole course of starvation.
Changes in C, and k,,,
Starvation induced a decrease in the C, of rat tissues; however, the pattern of this decrease appeared to be different among individual organs (Table 3) . Fasting for 24 h decreased C, only in skeletal muscles: by 15% and 20% in hindlimb muscles and diaphragm, respectively. In phase 111, the C, of these tissues dropped by 70% and 51% of their initial values. The C, in the carcass and the heart, which was unaffected by brief starvation (24 h), decreased by 44% and 14% of their initial values in phase I1 and by 67% and 25% in phase 111, respectively. In the liver, C, only dropped (27%) at the end of the experiment (Table 3) 
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Fasting for 24 h decreased kRNA by 33%, 51% and 33% in carcass, hindlimb muscles, and diaphragm, respectively (Table 3 ). In these tissues k R N A was restored in phase 11, being close to the initial values; it dropped afterwards by 57%, 53% and 29% of the initial values. The kRNA of the heart decreased continuously (by 60%) during starvation. In contrast, the k R N A of the liver was slightly affected by short-term fasting, but dropped by 71% in phase 111 (Table 3) .
Changes in the absolute rate of protein synthesis and the percentage contribution of tissues to whole-body protein synthesis
In fed rats, the absolute rate of protein synthesis was 9.03 k 0.20, 1.69 f 0.02 and 1.19 f 0.06 g/24 h for the whole body, skin and liver, respectively, and 18.0 f 0.9, 12.3 k 0.4 and 208 k 6 mg/24 h for heart, diaphragm and hindlimb muscles, respectively. It was strongly affected by both brief and prolonged starvation. In the whole body, carcass and heart, it regularly decreased by respectively 2770, 36% and 21% of the initial values in phase I, 5470, 6O%, 57% in phase 11, and 88%, 89% and 79% in phase 111. The absolute rate of protein synthesis in skeletal muscles dropped after 24 h of food deprivation (hindlimb muscles, 59%; diaphragm, 54%). It remained unchanged in phase I1 and decreased again in phase I11 (hindlimb muscles, 90%; diaphragm, 79%). In skin and liver, the absolute rate of protein synthesis decreased slightly in early starvation, it declined by 37% and 50% of the initial values in phase I1 and by 83% and 92% in phase III.
The relative contribution of skin to the whole-body absolute rate of protein synthesis increased by 39% after 24 h of fasting and remained constant thereafter (Table 4) . Early food deprivation decreased the contribution of skeletal muscles by 3640%; their contribution, however, regained the initial values in phase I1 and even increased for the diaphragm (64%) in phase 111. The contribution of the liver and heart changed only during prolonged starvation: it decreased by 34% (liver) and increased by 85% (heart) in phase 111 (Table 4) .
Changes in k, and in the absolute rate of protein degradation in the whole body
The effect of starvation on growth and protein degradation in the whole body of the rat is shown in Table 5 . Protein deposition still occurs in 400 g male rats, as indicated by the positive values of both absolute and fractional rates of growth. Inversely, the negative values during starvation only reflect the net protein loss at that time (see the Body mass loss and nitrogen excretion section above). The kd and the absolute rate of protein degradation in the whole body increased respectively by 53% and 54% after 24 h of fasting. They dropped in phase 11 by respectively 44% and 49%, and decreased to a smaller degree in phase 111. At that time they were 78% and 64% of the fed values, respectively. 
DISCUSSION
Effect of short-term fasting on tissue protein synthesis
The values of k,, C, and k,,,, obtained in the whole body and tissues in this study agree with those previously found for adult rats [23-261. Short-term insulin deficiency (starvation, diabetes) in young rats led to a decrease in the k, of various muscles, the decline being larger in muscles with a high proportion of fast-twitch fibres than in muscles with a high proportion of slow-twitch fibres [5, 10, 17, 231 . Accordingly, in this experiment, the decrease in k, in phase I was higher in the hindlimb muscles and the diaphragm than in the heart. Our results emphasize the importance of kKNA rather than C, in the early decrease in protein synthesis in muscles with fast-twitch fibres, as previously shown in muscles from diabetic animals [17] . We may thus expect a similar mechanism for the decrease in k, in muscles during both brief diabetes and fasting, i.e. mainly a translational defect at the level of polypeptidechain initiation involving the initiation factors eIF-2 and GEF [17] . However, in contrast to muscle protein synthesis in young and adult growing rats, the k, for the muscle of non-growing older animals was poorly affected by brief fasting, and, at that time, was insensitive to the infusion of insulin [27] .
The k, in the liver was unaffected by 1 day of food deprivation, in contrast with previous data in the liver of young rats [7, lo] . Accordingly, C, and kKNA changed in the other studies [7, 101 but not in ours. Previous reports have shown that the k, of soluble proteins in the skin was unaffected by overnight starvation [28] , but decreased after 48 h of fasting [9] ; the kKNA increased at that time and the C, either decreased or remained stable [9, lo] . The mechanisms responsible for the decrease in k, are therefore unknown. This is mainly due to the difficulty in determining the RNA content of this tissue, because of its high concentration of proteins with atypical structure [9] . In this study, skin protein synthesis was not affected by short-term food deprivation, suggesting that, unlike in muscles, protein synthesis in this tissue is not sensitive to the drop in plasma insulin concentration that occurs at that time.
However, alterations in protein synthesis during brief fasting may alternatively involve changes in amino acid supply and/or in other hormonal perturbations.
Effect of long-term fasting on tissue protein synthesis
During the protein-sparing phase 11, no further decline in the k, of skeletal muscle was observed, whereas, when compared with phase I, k, decreased in the skin and heart. The unchanged rates of protein synthesis in skeletal muscles seem to be related to an original mechanism, i.e. an increase back to fed values in the ribosomal efficiency, whereas ribosomal capacity decreased further. Accordingly, C, decreased and k,,, increased in the *For definition, see Table 4 .
carcass (Table 3 ) which contains most of the skeletal muscles. Such changes in the efficiency of the translation process in muscles have never been described, and thus further work must be directed toward characterizing the molecular mechanisms involved and their regulation. Phase I1 is marked by high plasma levels of free fatty acids and ketone bodies that replace glucose as fuels for skeletal muscles. These metabolites could regulate protein turnover at that time, since recent data have shown that ketone bodies stimulate muscle protein synthesis [29] and that free fatty acids attenuate the breakdown of myofibrillar proteins [30] .
In the liver, k, was unaffected by 5 days of food deprivation. Nevertheless, the absolute rate of protein synthesis dropped in phase 11, because of the large concomitant decrease in liver protein content (Table 2) . These results clearly indicate that, as previously shown in early starvation [S] , protein mass in the liver during the phase of protein sparing is primarily controlled through an increase in the kd. This increase in hepatic proteolysis occurs through the macro-autophagic process and is an important source of amino acids for gluconeogenesis and protein synthesis [S] . In phase 111, protein synthesis dropped in all the tissues studied and represented only 15-35% of values obtained in fed rats, the decreases being larger in the skin, liver and hindlimb muscles than in the diaphragm and heart. At that time, the k,NA decreased drastically in the liver and heart but declined only to the levels observed in phase I in the skeletal muscles. In birds [31] and rats [32] , phase I11 is marked by a rise in the plasma concentration of corticosterone, a hormone that can markedly influence protein metabolism [6] . In skeletal muscles, the main effect of the glucocorticoids is the suppression of protein synthesis through a decrease in both ribosomal efficiency (at the level of polypeptide-chain initiation) and capacity [33] . Since similar phenomena are observed during phase 111, a major role for glucocorticoids in the control of muscle protein metabolism in late fasting may be proposed.
Whole-body protein synthesis during brief and prolonged fasting
In man, short-term fasting is generally known to decrease whole-body protein synthesis [34] . In this study, 24 h of food deprivation decreased whole-body protein synthesis rates by 28%, and they dropped progressively down to 15% of the fed value during prolonged starvation. The decrease in k, after 1 day of fasting can be attributed to a decrease in k,NA, C, remaining unchanged in the carcass. In phase 11, however, the effects of fasting are partly attributable to changes in FWA, because C, in the carcass decreased but not kRNA. The later decline in both ribosomal capacity and efficiency was responsible for the drop in protein synthesis in the whole body during phase
111.
The percentage contributions of muscles, skin and liver to whole-body protein synthesis in fed rats calculated in this study accord with the values obtained in other mammal species by using the large-dose method [35] . Brief fasting was marked by a large increase in the contribution of skin at the expense of that of skeletal muscles, since the drop in muscle protein synthesis accounted for half of the decrease in whole-body protein synthesis in phase I ( Table 6 ). At that time, the contribution of the liver and of the non-muscular tissues of the carcass did not change. During the transition between phase I and phase 11, the decrease in protein synthesis in the skin and the non-muscular tissues of the carcass accounted for most of the decrease in whole-body protein synthesis (Table 6 ). By contrast, the contribution of skeletal muscles to total protein synthesis increased because muscle protein synthesis was maintained. Like in phase I, and despite the decrease in k,, a major part of the amino acid flux for protein synthesis was directed towards skin during protein sparing. In phase 111, protein synthesis dropped in the whole body and in all the tissues studied in response to a decline in both C, and k,NA. The contribution of the heart and diaphragm to whole-body protein synthesis greatly increased, whereas the contribution of other tissues either decreased or remained constant. Thus, during phase 111, protein synthesis was relatively spared in obligatory working muscles, such as the heart and diaphragm.
Whole-body protein degradation during brief and prolonged fasting
The values of k, and kd calculated in this experiment for the whole body of fed rats agree with those previously found in adult rats [25, 361. In man, the effect of shortterm fasting on whole-body protein degradation remains unknown, because the available results are contradictory [13] . However, 7 days of starvation were found to decrease the rate of protein breakdown in the human body [37] . Our study shows that whole-body protein degradation increases during brief starvation. At this time, it is well known that protein degradation rises in the liver [8] and in skeletal muscles [6] . In muscles, short-term fasting induces a preferential increase in the breakdown of myofibrillar proteins [30] that is not mediated by lysosomal proteases [38] . Recent experiments suggest that activation of an ATP-dependent pathway is primarily responsible for the increase in muscle proteolysis in brief fasting [6] . If the fast is prolonged, protein degradation in muscle falls below the rate observed in the fed state [6, 11, 301 . Accordingly, we observed a decrease in whole-body protein breakdown between phases I and 11. Moreover, the skin protein content did not change and k, decreased, suggesting that protein degradation in the skin also declined to minimize body protein loss.
In the protein-wasting phase 111, the large increase in net proteolysis results from a drop in protein synthesis and not from an increase in protein breakdown, which remains at a low level (Table 5 ). These data are not in agreement with the rise in muscle proteolysis during prolonged starvation that has been observed itt vitro [ l l , 12, 391. However, preparations in vitro are always in a negative nitrogen balance and may thus not reflect the situation in vivo. In the experiments in vitro, the decrease in muscle protein synthesis could no longer be detected in phase 111 [ l l ] . Therefore it is not surprising that an increase in proteolysis was observed in these extreme conditions. In fact, a decrease in protein synthesis rather than an increase in protein degradation appears to be the appropriate metabolic response in vivo to provide amino acids without wasting energy. Indeed, in the present study, a drop in protein synthesis was observed in all the tissues studied.
CONCLUSIONS
To our knowledge, this study presents the first detailed information on tissue and whole-body protein metabolism in a prolonged situation of negative nitrogen balance in the intact animal.
Our findings emphasize the importance of the decrease in tissue and whole-body protein synthesis during prolonged fasting. They suggest that the maintenance of protein synthesis must be the main goal in the treatment of chronic negative nitrogen balance. They also suggest that the early increase in whole-body protein breakdown during starvation is a process of short duration in the adult. This transient rise in proteolysis is not only essential for a high rate of gluconeogenesis but also to sustain a high level of protein synthesis in the skin. There have only been a few studies on protein metabolism in this tissue, the second largest reservoir of protein in the body after skeletal muscle. The present study, moreover, shows that the skin is the most important tissue in terms of contribution to the whole-body protein synthesis during both brief and prolonged fasting. The drop in skin protein synthesis accounts for 25% of the decrease in whole-body protein synthesis during the long-term fasting. Protein metabolism in the skin must therefore also be taken into account in situations of negative nitrogen balance.
It is remarkable that a similar drop in the efficiency of protein synthesis is reached in early fasting (phase I) and during the late phase of protein loss (phase 111) in skeletal muscles. Furthermore, the efficiency in protein synthesis observed in the fed state is restored during the proteinsparing phase 11. Further experiments must be directed towards the elucidation of the molecular mechanisms involved in these variations, which may be under the control of ketone bodies as well as of insulin and/or glucocorticoids.
